Background: This real-world study assessed the efficacy and toxicity of anlotinib as salvage treatment in Chinese patients with advanced non-small cell lung cancer (NSCLC). Methods: The medical records of 81 patients with advanced NSCLC who had failed at least two lines of chemotherapy were retrospectively collected. All patients were administered anlotinib treatment until disease progression or intolerance as a result of adverse events. Survival curves were created using the Kaplan-Meier method. The log-rank test was used for univariate analysis of progression-free survival (PFS) between groups. Cox regression was used to estimate the statistically significant factors based on univariate analysis. Results: The median PFS was five months (95% confidence interval [CI] 3.5-6.5). The objective response rate (ORR) was 7% and the disease control rate (DCR) was 84%. The following subgroups of patients had longer PFS (P < 0.05): squamous cell carcinoma, no brain or liver metastases, Eastern Cooperative Oncology Group performance status (ECOG PS) of 0-1, and no previous VEGF-tyrosine kinase inhibitor treatment. The results of Cox regression indicated that an ECOG PS of 0-1 (hazard ratio 0.152, 95% CI 0.057-0.403; P = 0.00) and patients without brain metastases (hazard ratio 0.421, 95% CI 0.195-0.911; P = 0.028) had longer PFS following anlotinib treatment. Conclusion: Anlotinib, which is well tolerated, plays a significant role in the salvage treatment of advanced NSCLC. Patients with advanced NSCLC with an ECOG PS of 0-1 and no brain metastases achieved longer PFS following anlotinib salvage treatment.
Introduction
Both in China and globally, lung cancer has the highest morbidity and mortality among all cancer types.
1,2 Nonsmall cell lung cancer (NSCLC) accounts for approximately 80% of lung cancer cases. Because most early-stage lung cancer patients are asymptomatic, the diagnosis is usually made at locally advanced or advanced stages. 3, 4 For locally advanced or advanced NSCLC, drug therapy, including chemotherapy, targeted therapy, and immunotherapy, is still the most important treatment. There are still some patients in good physical condition after recommended standard treatments who need safer and more effective new drugs.
Angiogenesis plays an important role in tumor occurrence, proliferation, and metastasis. 5, 6 Clinical studies have shown that chemotherapy combined with bevacizumab significantly prolongs progression-free survival (PFS) and overall survival (OS) compared to chemotherapy in firstline treatment for advanced NSCLC patients. [7] [8] [9] Compared to docetaxel alone, docetaxel combined with ramucirumab significantly prolongs PFS and OS in patients for whom platinum-based treatment fails. 10 Most VEGF tyrosine kinase inhibitors (TKIs) prolong PFS, but not OS. 11, 12 A phase III trial of advanced NSCLC patients administered anlotinib -a novel TKI that targets VEGF receptor, fibroblast growth factor receptor (FGFR), platelet-derived growth factor receptor (PDGFR), and c-Kit -following third-line or further treatment resulted in longer PFS and OS than the group treated with a placebo. 13 The China Food and Drug Administration has approved the use of anlotinib for third-line treatment in advanced NSCLC patients. Furthermore, anlotinib also has a therapeutic effect in soft tissue sarcomas, medullary thyroid cancer, renal cell carcinoma, and other solid tumors. 14 We assessed the efficacy and safety of anlotinib as salvage treatment in Chinese patients with advanced NSCLC in real-world practice and investigated the predictors of therapeutic efficacy.
Methods

Data source and study population
We retrospectively collected the medical data of NSCLC patients who were treated at Peking University Cancer Hospital between June 2018 and January 2019. Ninety-one patients were prescribed anlotinib; efficacy was not evaluated in eight patients and two patients had an Eastern Cooperative Oncology Group performance status (ECOG PS) of 3 and were thus excluded. Eighty-one patients who were prescribed anlotinib met the following criteria: aged 18-80 years; recurrent or advanced NSCLC (stage IIIB, IIIC, or IV [American Joint Committee on Cancer Cancer Staging Manual, 8th edition]) with failure of at least two lines of chemotherapy; EGFR-sensitive mutations for which EGFR-TKIs and at least two lines of chemotherapy had failed (treatment failure was defined as disease progression or intolerance to chemotherapy or EGFR-TKIs); an ECOG PS of 0-2; and adequate liver and kidney function. Patients with centrally located lung squamous cell carcinoma, a risk of massive hemoptysis, a bleeding tendency, uncontrolled hypertension, and those administered thrombolytics or anticoagulants were excluded.
Treatment
All patients received anlotinib (one cycle of 12 mg daily for 14 days, discontinued for 7 days, and repeated every 21 days). Doses were reduced when patients experienced intolerable adverse events (AEs). Patients continued anlotinib until disease progression or intolerance as a result of AEs.
Study assessments
Therapeutic effect was assessed using Response Evaluation Criteria in Solid Tumors version 1.1 by computed tomography (CT) scans and nuclear magnetic resonance imaging (MRI) at baseline every two cycles or when clinical symptoms worsened. The data cutoff date was 10 April 2019. PFS was defined as the duration from the beginning of anlotinib administration to tumor progression or death. The safety of anlotinib treatment was assessed using Common Terminology Criteria for Adverse Events version 4.0.
Statistical analysis
Statistical analysis was processed using SPSS version 22.0. Survival curves were created using the Kaplan-Meier method. The log-rank test was used for univariate analysis of PFS between groups. Cox regression estimated the statistically significant factors in univariate analysis. Statistical significance was defined as P < 0.05.
Results
Patient characteristics
Eighty-one advanced NSCLC patients were prescribed anlotinib between June 2018 and January 2019. The demographic and clinical characteristics of the patients were collected, including gender, age, pathologic type, EGFR status, clinical stage, number of distant metastases, brain metastases, liver metastases, smoking history (defined as a smoking index > 10 pack-years), ECOG PS, number of previous treatment lines, previous VEGF-TKI treatment, previous VEGF monoclonal antibody treatment, and previous EGFR-TKI treatment (Table 1) .
Clinical outcomes
The median PFS was five months (95% confidence interval [CI] 3.5-6.5) (Fig 1a) ; the OS data were not mature at the end of follow-up. The best responses among the 81 patients were: partial response (PR, n = 6); stable disease (SD, n = 62); and progressive disease (PD, n = 13). The objective response rate (ORR) was 7% and the disease control rate (DCR) was 84%. Because some patients did not have measurable lesions or the imaging examinations in other hospitals were not available to determine changes in the lesions, the therapeutic effect in 15 patients was directly assessed by a physician based on imaging performance. A total of 65 patients had measurable lesions. The changes in measurable lesions from baseline are shown in Figure 2 .
Univariate analysis showed that PFS was significantly prolonged in the following patient subgroups: squamous cell carcinoma, no brain or liver metastases, ECOG PS of 0-1, and no previous VEGF-TKI treatment (P < 0.05) (Fig 1b-f) previous VEGF monoclonal antibody treatment, and previous EGFR-TKI treatment did not influence PFS after anlotinib treatment ( Table 2) . The results of Cox regression indicated that ECOG PS (hazard ratio [HR] 0.152, 95% CI 0.057-0.403; P = 0.00) and brain metastases (HR 0.421, 95% CI 0.195-0.911; P = 0.028) were predictive indicators of PFS following anlotinib treatment. There were no statistically significant differences between patients with and without liver metastases (HR 0.682, 95% CI 0.275-1.693; P = 0.409), squamous cell carcinoma and adenocarcinoma (HR 0.466, 95% CI 0.189-1.147; P = 0.097), or patients previously treated with and without VEGF-TKIs (HR 0.827, 95% CI 0.313-2.184; P = 0.701) ( Table 3) .
Safety
The most common AEs with an incidence of ≥ 5% were: hypertension (12%), hand-foot syndrome (6%), decreased appetite (6%), fatigue (5%), oral mucositis (5%), and hoarseness (5%). Only hypertension (7%), which was well controlled by anti-hypertensive drugs, was assessed as grade 3-4 with an incidence of > 5% (Table 4) .
Discussion
In third-line or further treatments, if immune checkpoint inhibitors, [15] [16] [17] [18] docetaxel, gemcitabine, or pemetrexed (nonsquamous only), [19] [20] [21] [22] have not already been administered, these therapies can be recommended for patients with advanced NSCLC, after which there are no additional standard treatment options.
The ALTER 0303 trial showed that PFS was significantly longer in the anlotinib group than the placebo group (5.4 vs. 1.4 months; P < 0.001). In addition, a considerable improvement in ORR (9.2% vs. 0.7%; P < 0.001) and DCR (81.0% vs. 37.1%; P < 0.001) was observed in the anlotinib group compared to the placebo group. 13 There are few real-world studies of anlotinib salvage treatment in advanced NSCLC patients. In the present study, we retrospectively assessed the real-world outcomes of anlotinib salvage treatment in Chinese patients with advanced NSCLC to evaluate efficacy and toxicity. The median PFS was five months (95% CI 3.5-6.5). In addition, the ORR and DCR were 7% and 84%, which were consistent with the results of the ALTER 0303 trial. Moreover, the PFS, ORR, and DCR results in the present study were not inferior to the results with second-line recommended drugs, such as docetaxel, pemetrexed, 19 immune checkpoint inhibitors, [16] [17] [18] and drugs with a similar mechanisms of action to apatinib. 12 These results show that in patients with advanced NSCLC, anlotinib treatment is an effective salvage therapy.
The exploration of potential predictors for treatment efficacy of antiangiogenic drugs is valuable. In a randomized phase III trial of gastric cancer patients, plasma VEGF-A levels and tumor neuropilin-1 expression were identified as strong predictors of bevacizumab efficacy. 23 A study of predictive indicators showed that phosphorylated VEGFR2 and hypertension may be predictors of antiangiogenic drugs in breast cancer. 24 A retrospective study identified hypertension, proteinuria, and hand-foot syndrome emerging during the first cycle of apatinib treatment as viable predictive indicators of efficacy in gastric cancer patients. 25 Girard et al. reported that an ECOG PS of 0-1 was a predictor of prolonged survival after secondline therapy in patients with advanced NSCLC, which is a very important prognostic factor for survival in lung cancer. 26, 27 In addition, studies have shown that liver and brain metastases might be negative predictors of OS in lung cancer patients. 28, 29 In this study, univariate analysis showed that PFS in the squamous cell carcinoma subgroup was superior to that of the adenocarcinoma subgroup, which was different to the findings in the ALTER 0303 trial, but after Cox regression analysis, the results no longer differed between the two subgroups. Univariate analysis also showed that there was no significant association between PFS and gender, age, EGFR status, clinical stage, number of distant metastases, previous history of hypertension, smoking history, previous treatment lines, previous VEGF monoclonal antibody treatment, and previous EGFR-TKI treatment. Univariate analysis indicated that PFS was significantly prolonged in patients with squamous cell carcinoma, without brain or liver metastases, with an ECOG PS of 0-1, and not previously treated with VEGF-TKIs (P < 0.05). After Cox regression analysis, only an ECOG PS of 0-1 and no brain metastases achieved longer PFS after anlotinib salvage treatment in advanced NSCLC. Of the 81 patients, 7 had previously been administered VEGF-TKIs and 51 VEGF monoclonal antibodies. Cox regression analysis showed that there was no significant difference in PFS between patients previously treated with or without VEGF-TKIs. The univariate analysis also showed that there was no significant difference in PFS between patients previously treated with or without VEGF monoclonal antibodies. These findings suggest that there was no cross-resistance between anlotinib and other VEGF-TKIs or VEGF monoclonal antibodies.
Bleeding can be fatal in lung squamous cell carcinoma patients administered antiangiogenic drug treatment, thus monitoring such patients is critically important. Previous studies have reported life-threatening pulmonary hemorrhage in patients with squamous cell carcinoma when using VEGF monoclonal antibodies, such as bevacizumab, and VEGF-TKIs, such as sunitinib and sorafenib. Whether or not the pathologic type of squamous cell carcinoma or some other contributing factor, such as central location and cavitation, is an independent risk factor for hemoptysis with antiangiogenic therapy has not been established. 30 In the present study, only two patients with lung adenocarcinoma reported mild hemoptysis. Among the 27 patients with lung squamous cell carcinoma, no bleeding episodes were reported. Hypertension (7%), which was well controlled by anti-hypertensive drugs, was the only grade 3-4 AE with an incidence of > 5%. Compared to the AEs associated with anlotinib reported in previous studies, no new AEs were observed in the present study. 13, 31 In addition, only one patient underwent dose reduction because of third degree oral mucositis. Our results show that anlotinib is well tolerated in patients with advanced NSCLC.
There were some limitations to the present study. The OS data requires longer follow-up. A larger observational study should be conducted as a supplement to the phase III trial to confirm the efficacy and toxicity of anlotinib for the salvage treatment of patients with advanced NSCLC, and to identify the definite predictors of treatment efficacy.
In conclusion, the present study showed that anlotinib is effective and well tolerated for the treatment of advanced NSCLC. Advanced NSCLC patients with an ECOG PS of 0-1 and without brain metastases might achieve longer PFS following anlotinib salvage treatment.
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